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Abstract 
The presentation focuses on the water management aspects of mining projects, from the mine exploration phase, through mine 
development, to closure and rehabilitation. Based on SRK’s water management experience in many mine projects across the globe, we 
believe that water resources and their management are often not considered early enough in the development of such projects. This often 
results in risks that could be mitigated easily at the start of the project becoming issues, particularly during the mine’s operational phase. 
The presentation summarizes the critical water aspects that can present significant risk to the development of a mine and highlights the 
advantages of considering these water management aspects early in the project. It also presents SRK’s approach to assessing mine water 
resources more accurately and how to prepare an effective water management plan to mitigate the risks that can otherwise adversely affect 
the mine’s operational development, safety and productivity. 
© 2012 The Authors. Published by Elsevier Ltd. Selection and/or peer-review under responsibility of the Selection and /or 
peer-review under responsibility of the scientific committee of SYMPHOS 2011. 
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1. Introduction 
Mining projects are dependent on a secure water supply and mine owners have a responsibility to utilize water resources 
in an efficient and environmentally acceptable manner. The main use of water in the mining sector is usually related to ore 
processing and, to a far lesser extent, the mining camp domestic water. Both of these processes produce wastewater; the 
former in the form of tailings residue and the latter as sewage water, which require treatment.  It follows that effective mine 
water supply and management are important components of a mine's success and can sometimes determine the viability of 
the overall project. Therefore, in the context of the development of a mining project, water issues and associated risks need 
to be carefully evaluated. 
Detailed water management planning from sourcing water to its discharge through the various mine processes is best 
done at planning stage and is a very important component to review during production through to closure stages of mining.  
Water demand and the water supply are the first elements to consider.  Sourcing supply can be challenging in semi-arid 
and arid regions and can constitute a fatal flaw for the project.  Conjunctive use of supply from various sources including 
groundwater, surface water and recycling is essential to minimize costs and minimize risk of failure of supply. 
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Obviously the primary drive of a mine project are the mineral resources and their mineability, but issues concerning 
water occur when the focus on mineral resources and mine planning results in lack of attention on water management in the 
early stages of the mine development. In many cases SRK has been requested to provide assistance in dealing with 
inefficient mine dewatering systems or pollution control issues which could have been avoided in first place if hydrological 
and hydrogeological investigations and monitoring had been given sufficient resources to address the overall project water 
management effectively and on a timely basis.  
In certain cases the mine water supply or mine dewatering can and should influence the mine production rate. Therefore, 
the safest approach for a mine project is to integrate water studies with the mine design and planning in an iterative process 
to provide adequate and safe mine design and a cost-effective water management system. In some cases the cost of potential 
water supply options exceeds the Net Present Value (NPV) of the project and a lot of lateral thinking is required.  
Thus the required mine water studies must be carried out on a timely basis and potential risks taken into account in the 
early stages of mine design and planning. Additional advantages of considering water management aspect early in a mine 
project are numerous. Early in the project for example valuable hydrological and hydrogeological information can be 
gathered during the early exploration phases at very low cost. Also, best results in terms of mine slope stability analysis are 
often achieved if geotechnical investigations are carried out such that hydrogeological data (such as pore water pressure and 
aquifer parameters) are collected at the same time. Dedicated hydrogeological borehole drilling, construction and testing are 
costly when considered independently of the other drilling programs.  Furthermore, increased levels of confidence in data 
quality can be achieved by integrating field testing and data collection with exploration and geotechnical programs. 
This paper aims to highlight the common issues the mining sector faces when addressing water aspects of projects and 
proposes ways to anticipate the most critical risks and how to develop adequate tools and resources to deal with such risks. 
2. Mine water aspects/challenges 
Depending on climate, the mineral commodity and geographic location, the development of a mine project will face 
various challenges associated with water that may affect operational costs, risk to human health and safety and the 
environment. Some of the key considerations that are governed by or related to water include: 
• water supply; 
• mine dewatering; 
• risk of mine flooding; 
• tailings dam stability and seepage; 
• diversion of surface water features such as rivers;
• risk of acid rock drainage and the need for pollution control;  
• impacts of dewatering and mine activities on other water users and/or the environment;  
• pollution control and mitigation; and 
• mine closure. 
Approaching any project by considering the overall site water management will help to identify areas of risk in terms of 
water supply, treatment, environment and costs.  Investigations can then focus on the water aspects at most risk to the 
project to minimize both project costs and the risk of failure. 
3. Mine water supply 
Sustainable mine water supply is required to fulfill process water demand and provide potable water for the mining 
community. In some circumstances, water is also used to transport ore as slurry via pipelines to a port facility. Mine water 
supply can be a critical aspect in the planning and development of a mining project, particularly in locations which are arid 
or experience prolonged dry seasons. 
Supply can be sourced either from surface waters such as lakes, reservoirs or rivers, or groundwater. In arid areas 
however, groundwater is often the only source. The increasing scarcity of fresh water due to the demand on often scarce 
water resources, groundwater and multi-usage remains a critically important global resource which requires careful 
protection and management.  
Providing sustainable water supplies for a mine in such areas can face various challenges and requires specialized 
investigation and studies among which are: 
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• water resource mapping and evaluation; 
• recharge estimation and catchment analysis; 
• groundwater and surface water modeling;  
• understanding the licensing and permitting regime; 
• environmental and social baseline studies and impact assessments; 
• development and optimization of a site-wide mine water balance;  
• design of water supply well fields, pipelines and control system. 
There are various techniques to estimate groundwater resources. Most of these techniques involve estimation of the 
physical parameters of the aquifers, groundwater recharge, and the extent of the target aquifers. Over the years SRK has 
developed a risk-based water resource estimation scheme that aims to quantify and classify the water resource according to 
the level of investigations and highlight uncertainty in the estimation. The scheme can be used to inform owners and 
investors on the availability or otherwise of water and the potential risks. The technique also highlights the areas where 
more investigation and study are needed in order to reduce the risk.  
The scheme developed by SRK (Green et al [1], 2006) is a semi quantitative classification that provides a level of 
confidence in groundwater resources for ore processing and industrial use. A mine should have as high a level of confidence 
in its water resource as in its ore reserve. The approach to develop the scheme combines the methods employed in Russia to 
characterize hydrogeological regions with international ore reserve reporting codes such as the JORC Code. In order to 
categorize the groundwater resources of a given mine area, a Confidence Index (CI) is introduced, taking into account 
hydrogeological criteria, mine water requirements and details of hydraulic test work, as follows: 
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Where RWR represents the relative quantity of water available, AK is related to how well we understand the aquifer and 
AC indicates how complex an aquifer is. The terms RWR, AK, and AC are estimated from calibrated empirical equations 
(Green et al [1], 2006).  
CI increases with increasing RWR and with increasing AK; CI decreases with increasing AC. CI is most sensitive to 
RWR and least sensitive to AC. The water resource category is then defined according the CI score, as shown in Table 1. 
Table 1: Tabulated classification of groundwater resources as a function of CI 
CI Category 
>6 I - Measured 
3-6 II – Indicated 
1-3 III - Inferred 
<1 IV – Unclassified 
SRK is further developing this scheme, and adapting the formulas into Excel spreadsheets that project reviewer and/or 
investors can consult to verify the estimation technique and the input parameters used by the consultant in estimating the 
water resource of a given mine.   
4. Mine Dewatering  
Dewatering or depressurization is essential aspect of most mining projects. Dewatering of a mine is often required to 
achieve two key goals: 
• Increase the mine slope stability and reduce mining costs; 
• Reduce water inflow in the mine to enhance both productivity and worker health and safety. 
If open pit mining is planned below a saturated geological layer, pore water pressure will be one of the determining 
parameters in analyzing the mine rock slope stability. Pore water pressure exerts a significant control on the effective stress 
of the rock mass, in both porous and fractured media.  
Effective stress (ı') acting at a point is calculated from two parameters, total stress (ı) and pore water pressure (u) as 
follows (Terzaghi [2], 1943):  
σ' = σ - u       (2) 
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Combining this effective stress concept with the Mohr–Coulomb law (Coulomb [3], 1777; Ao-Hong Yu [4], 2002) the 
relationship between the shear strength of a rock or soil material and pore pressure can be expressed as follows (Freeze and 
Cherry [5], 1979): 
τ = (σ - u) tanφ + c      (3) 
where τ  is the shear strength on a potential failure surface, ı is the total normal stress, u is pore water pressure, c is the 
cohesion available along the potential failure surface, and ĳ is the angle of internal friction of the material on the potential 
failure surface.   
Accordingly, the risk of failure in a pit slope depends on the difference between the total normal stress (weight of the 
overlying rock and water mass) and the pore pressure in which water is acting as a separator (weakening factor) between the 
rock grains/blocks. Therefore, by dewatering a formation (i.e. decreasing pore pressure), with no change in total stress, the 
effective normal stress (and hence shear strength on failure planes) is increased, leading to more stable slopes in the mine. 
The most important outcome of this is that steeper slopes can usually be achieved by dewatering the rock formations 
around the pit walls.  Mining and disposing of waste host rock is expensive as is the construction of a pollution 
control/treatment system to deal with contaminated discharges from the disposal sites. Therefore there are considerable cost 
savings to be made by steepening the mine slope angles. Depending on the depth the mine in question, increasing the slope 
angles by 1 degree can lead to millions of dollars in savings.  
Pore water pressure is often not correctly or fully integrated into slope analysis. This is still a field under ongoing 
development and optimal results are achieved only where geotechnical engineers and hydrogeologists work together to fully 
understand and quantify the groundwater environment (and pore water pressures in particular) and use this data effectively 
in pit slope analysis.  
In addition to the above advantages, mine dewatering also reduces water inflow into the mine. Although in many cases 
water that inflows from the host rocks into the mine is not contaminated, it becomes charged with suspended solids and 
exposed to contamination due to mining activity. Therefore, in most cases, water collected and pumped from a mine will 
need a certain level of treatment before it is discharged into the environment or re-used in the process circuit. By reducing 
the need for dewatering and treatment of water from a mine there is an additional cost benefit.  
Other advantages of mine dewatering include the improvement in mining conditions, drilling, blasting, loading, hauling 
and trafficability which has a positive effect on the mine productivity. 
5. Mine water balance  
The aspects of water supply and dewatering discussed above are two key elements of water management.  However 
development of a mine involves many elements of water control including the open pit or underground dewatering, mine 
camp, processing plant, tailings facility, leach pads, waste rock dumps, water treatment ponds/reservoir, flood protection 
and water diversion infrastructure. A mine water balance comprises a flow sheet (Figure 1) in which water flow rates 
between the various mine sites and infrastructures are represented for various production scenarios throughout the year.  The 
water balance illustrates the relationship between (1) water input such as from direct precipitation and mine dewatering 
and/or a pumping station (which can be from a surface or groundwater source) for water supply, and (2) output such as 
water loss by evaporation, discharge, and lockup in tailings. Between the input and output is the processing and usage 
circuit in which water is retained, reused, treated or re-circulated between the various mine components. 
It is important to utilize good climatic records to reflect the changes through a typical year and in some cases where 
extremes of climate may be experienced it is essential to develop a record over a number of years to identify periods of 
possible water supply shortfall which will not be identified using averaged data. 
The mine water balance is a powerful tool to optimize water need, re-use and discharge.  It helps minimize the need for 
make-up water in a processing plant by maximizing the recycling of water, thus protecting water resources and reducing 
cost of treatment and discharge into the environment. 
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Figure 1: Example of an annual mine water balance 
The preparation of a mine water balance requires close collaboration between the plant, mining and tailings engineers 
and hydrologists, hydrogeologists, and environmentalists. Whilst ore processing may require the supply of a constant 
amount of water, in the remaining part of the circuit water availability and consumption will vary seasonally. Mine 
dewatering is also often constant over a year period but may vary over the mine life depending on the depth and extent of 
the mine. In extreme climates precipitation is highly variable during the year and this would have a determining control on 
water storage capacity, runoff, treatment and discharge rates. Therefore, a mine water balance has to include all these factors 
on a seasonal if not a monthly basis and over the life of mine period. Doing so, the mine managers will be able to prepare 
plans and adequate infrastructures to deal with the change in water regimes and demand.  
A mine global water balance is a robust tool that helps with the evaluation of water resources more accurately and in the 
preparation of an effective water management plan to mitigate the risks that can otherwise adversely affect the mine’s 
operational development, safety and productivity. 
6. Environmental protection and mine closure  
Mine projects can cause change and possibly harm to the environment, sometimes irreversibly. For such reasons, and in 
parallel with the engineering studies during the feasibility stages of the mine project, baseline and environmental and social 
impact assessment studies are required. The baseline study aims to determine the natural conditions that prevail in an area 
before the start of the mine development. The Environmental and Social Impact Assessment (ESIA) study aims to assess the 
potential impacts, their likelihood and severity, of the development of the project on the environment and human settlements 
in the area. The water environment is often a key element of the ESIA that requires careful consideration as the impact on 
water resources often has consequences on the ecosystems that depend on water. The impact of the mine development on 
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the quality and quantity of waters in the area is usually assessed in conjunction with the engineering studies that deal with 
mine dewatering, water supply, drainage and wastewater management.  
The baseline and environmental and social impact assessment studies require considerable resources and a time period 
that is sufficiently long to capture the seasonal variations in the mine area. The scope of these studies is firstly defined 
according to the country’s regulation, in addition to international standards and guidelines if the mining company is 
considering international investment for the project. Therefore, a lack of understanding the environmental laws and 
regulations can lead to delay in the completion of these studies, which can cause delay in the project development.  
The development of a mine project is therefore subject to compliance with the environmental requirements and standards 
of the mining company, the country, and financial institutions (under equator principals) and possibly international 
regulations.  
Mine closure is often not considered in any detail at the early stages of mining although nowadays international best 
practices as well as requirements of corporations and financial institutions dictate that early planning is done.  In terms of 
water management this makes good economic sense because water management after a mine is closed is probably the most 
important aspect for environmental protection. The objective of early planning is to maximize the opportunity in the design 
of operational water management systems that can easily be integrated as part of the closure plan.  This can save significant 
closure costs by avoiding redesign of the water system as well as reducing the risk of very expensive litigation to deal with 
legacy issues (liabilities) resulting from the mining activity. 
7. Typical approach to preparing a mine water management scheme  
As mentioned above, the safest approach when dealing with mine water management requirements is to integrate the 
water management scheme with the overall mine development strategy, operational requirements and environmental 
considerations. 
Effective mine water management involves fully assessing the risks discussed above and delivering solutions which are 
practical, appropriate and cost effective. The development of a conceptual model is central to the understanding of the 
surface water and groundwater environment and dynamics.  A conceptual model is derived through the integration of field 
data, desk-based analysis and interpretation of specific testing programs. Predictive modeling using a variety of analytical 
and numerical tools then enables the proposed mine water management system to be optimized. 
The specificity of each mine project, its location, scale and hydrological setting requires that specific site investigations 
must be designed and tailored to the project. A technique that is appropriate in one environment might be inefficient in 
another. The scope and type of investigation also depend on the mining method and ore processing technique being 
considered for the project. Furthermore, in most cases project sponsors have to firstly deal with water use and environmental 
regulations in the country where the project is located whilst complying with international regulation and guidelines that are 
required by financial institutions on which the finance of the project may be relying.   
A phased approach is usually adopted in mine project development studies from scoping through various levels of 
feasibility study to design and construction.  Each phase of investigation that is planned is based on the results of the 
previous phase and in conjunction with the dynamic of the mineral resources estimation and mine design.  A phased 
approach allows a progressive construction of the hydrological and hydrogeological database increasing the accuracy in the 
understanding of the mine hydrology and hydrogeology. 
The output from the hydrological and hydrogeological studies feed into the slope stability analysis (for an open pit 
project) and infrastructure design. Therefore, upon completion of site investigation and data analysis in each phase, the 
water management study must be carried out simultaneously and iteratively with geotechnical analysis and the mine design 
and planning. 
The feasibility study of a mine project provides the parameters for a final design of the mine and its utilities, including 
the water management infrastructure and plan. However, during mine development, operation and closure, the actual 
conditions may differ from the predicted dynamics and therefore the water management plan must be kept dynamic to adapt 
to such change. Mine water supply, dewatering, treatment and discharge requirements may be greater or lesser than 
predicted and action must be taken to readjust the management system to mine planning and fulfill the licensing and safety 
requirements.  
Although, as mentioned above, the mine closure aspect is often postponed to the later stages of the mine development, 
ideally surface and groundwater management is planned for closure at the start of mining to minimize potential liabilities for 
closure. For mines operating below the water table, cessation of dewatering needs to be managed to minimize impacts. 
Similarly, the chemistry and internal dynamics of the resulting pit lake or water discharges need to be understood. 
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Groundwater and surface water modeling is a key tool for assessing and predicting the effects of mine closure on the 
water environment. The model developed during the feasibility study must be updated during the mine development and 
operational phase to be calibrated more accurately and used as a management tool to support aftercare strategies. 
8. Conclusions  
Water supply and management issues can present significant risks to the development of a mine.  The most common 
issues are: 
• Sustainable quantity and quality of water supply; 
• mine dewatering; 
• impacts of dewatering and mine activities on other water users and/or the environment. 
Mine water supply can be a critical aspect in the planning and development of a mining project, particularly in locations 
which are arid or experience prolonged dry seasons. SRK has developed a risk-based water resource estimation technique 
that aims to quantify and classify the water resources, and highlight uncertainty in their estimation to help investors in 
decision making.   
Dewatering and depressurization are key issues for the optimal design of open pit slopes and can be a significant 
consideration in mine planning and in the mine’s operational costs. 
Holistic mine water management planning integrates the mine supply and dewatering issues with all the other elements 
of the water circuit around the entire site. This requires the development of a mine water balance which is a powerful tool to 
optimize water need, re-use and discharge.  It helps minimize the need for make-up water in a processing plant by 
maximizing the recycling of water and use of internal sources, thus protecting water resources and reducing cost of 
treatment and discharge into the environment.  
Early consideration of mine closure requirements should also be considered at an early stage to minimize late stage costs, 
remediation and possible long terms liabilities.  
Considering the water management aspects and challenges early in a mine project can result in valuable baseline data and 
considerable cost savings through the operational period of the mine. In an era of increasing public awareness of 
environmental protection, preserving the water environment is a key element for the reputation of a mining company and its 
good relationship with the public. 
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